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Using nonsense and deletion mutants of herpes simplex virus type 1, we 
investigated the roles of three immediate-early proteins (ICP4, ICP27 and 
ICPO) in the establishment and reactivation of ganglionic latency in a 
mouse ocular model. DNA hybridization, superinf ection-rescue, and 
cocultivation techniques provided quantitative data that distinguished 
between the failure of a virus to establish latency in the ganglion and its 
failure to reactivate. Null mutants with lesions in the genes for ICP4 and 
ICP27 did not replicate in the eye or in ganglia and failed to establish 
reactivatable latent infections. Three ICPO deletion mutants which could 
replicate in the eye and ganglia varied in their ability to establish and 
reactivate from the latent state, demonstrating that ICPO plays a role both 
in the establishment and the reactivation of latency. The use of viral 
mutants and a variety of stage-specific assays allowed us to better define 
the stages in the establishment and reactivation of herpes simplex virus 
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Mutants of herpes simplex virus (HSV) have been used to show that a 
variety of key genes associated with initiation of lytic infection or 
replication of viral DNA are not essential for establishment of latency. 
These observations are extended in the present study, in which a virulent 
strain of HSV type 1 that is not compromised in its ability to productively 
infect neurons under favorable conditions was used to demonstrate early 
divergence of molecular pathways leading to productive and latent 
infection. Our experimental strategy made unique use of the segmental 
innervation of the vertebrate trunk to study the spread of virus throughout 
the peripheral nervous system after inoculation of mouse flanks. Evidence 
of viral gene expression, including that of immediate-early genes, was 
transient, confined to ganglia directly innervating the inoculated skin 
(8th through 12th thoracic segments), and seen only at sites from which 
infectious virus could be recovered. In contrast, neurons containing 
latency-associated transcripts and reactivatable virus were more widely 
distributed (sixth thoracic through first lumbar segments), from which we 
conclude that replication-competent HSV type 1 can establish latency 
without initiating productive infection. 
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transcripts and transcripts affected by the deletion in ^avirulent mutant 
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During latent herpes simplex vi^rus type 1 (HSV-1) infection in the 
trigeminal ganglia of mice, three virus-specific transcripts, 2.0, 1.5, and 
1.45 kilobases (kb) , are detectable by Northern (RNA) blot analysis, but 
only the 2-. 0-kb transcript can be detected in HSV-l-inf ected tissue culture 
cells (J.G. Spivack and N. W^/Fraser, J. Virol. 61:3842-3847, 1987). Since 
these latency-associated q&ies map to a diploid region of the genome, 
transcription from the ^ieletion mutant HFEM, which contains only one 
complete copy of the serenes, was investigated to determine the effect of 
gene dosage. The 4<lL-kb HFEM deletion is located between the alpha genes 
ICP0 and ICP27. ICJKj mRNA and the 2.0-kb latency-associated transcript were 
present at normal/levels during HFEM infection, but ICP27 mRNA and 0.9- and 
1.1-kb transcripts that map near the deletion were not readily detectable. 
The levels y<?£ expression of one or more of these genes might be an 
important ^determinant of HSV-1 virulence in animal hosts. ICP27 mRNA 
accumulated when protein synthesis was inhibited before HFEM infection, 
implying ' that the deletion may affect ICP27 regulatory rather than coding 
elements. Expression of the 2.0-kb latency-associated transcript was 



characterized in infected CV-1 cells with metabolic inhibitors and 
strand-specific probes. On the basis of metabolic inhibitor studies, the 
gene encoding the 2.0-kb latency-associated transcript is not an alpha 
gene. During HSV-1 replication in infected tissue culture cells, the beta 
and gamma genes require the prior expression of alpha gene products. 
However, the latency-associated RNAs are expressed in the absence of 
detectable levels of alpha transcripts in latently infected mice. Thus, 
this latency-associated gene family appear to be regulated quite 
differently than alpha, beta, or gamma genes. For these reasons, and 
because the latency-associated genes may perform latent rather than 
replicative functions, we propose that they should be considered members of 
a new HSV-1 gene class, the lambda genes. 
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During the course of experiments designed to isolate deletion mutants of 
herpes simplex virus type 1 in the Jjene encoding the major DNA-binding 
protein, ICP8, a mutant, d61, that grew/efficiently in ICP8-expressing Vero 
cells but not in normal Vero cells^was isolated (P. K. Orberg and P. A. 
Schaffer, J. Virol. 61:1136-1146, L987). d61 was derived by cotransf ection 
of ICP8-expressing Vero cells with infectious wild-type viral DNA and a 
plasmid, pDX, that contains an/engineered 780-base-pair (bp) deletion in 
the ICP8 gene, as well as a /Spontaneous approximately 55-bp deletion in 
oriL. Gel electrophoresis and Southern blot analysis indicated that d61 DNA 
carried both deletions present in pDX. The ability of d61 to replicate 
despite the deletion in yoriL suggested that a functional oriL is not 
essential for virus replication in vitro. Because d61 harbored two 
mutations, a second rmjxant, ts+7, with a deletion in oriL-associated 
sequences and an intact ICP8 gene was constructed. Both d61 and ts+7 
replicated efficiently in their respective permissive host cells, although 
their yields were ^slightly lower than those of control viruses with intact 
oriL sequences . /An in vitro test of origin function of isolated oriL 
sequences from wald-type virus and ts+7 showed that wild-type oriL, but not 
ts+7 oriL, was Afunctional upon infection with helper virus. In an effort to 
determine th£ requirement for oriL in latency, ts+7 was compared with 
wild-type virus for its ability to establish, maintain, and be reactivated 
from latent infection in a murine eye model. The mutant was reactivated as 
efficiently as was wild-type virus from trigeminal ganglia after 
cocultivation with permissive cells, and each of the seven reactivated 
isolates was shown to carry the approximately 150-bp deletion 
characteristic of ts+7. These observations demonstrate that oriL is not 
required for virus replication in vitro or for the establishment and 
reactivation of latent infection in vivo. 
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